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38.

CONCLUSONS
The mechanism for reverse transition induced by decelerating the
flow through some critical Reynolds number is simi.ar whether it be
pipe, channel or radial source flow. The process whereby a radial
source flow becomec laminar may be summarised as follows:
a) The mean velocity profiles approach the laminar parabolic
profile with increasing r.
b) When the longitudinal turbuient fluctuations start to decay
the maximum of the turbulent intensity profile moves towards
the centre of the channel. :
¢) The decay of this ma.«imum is exponential in character and the
rate of decay is determined by the Reynolds number.
d) The spectral distributions of the longitudinal fluctuations
are similar at various radial positions.
e) The longitudinal fluctuations only decay once the reduced
Reynoids number is less than 8.
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SUMMARY

The effect of the inertia terms on laminar radial source flow has
been examined in detail. When the inertia terms are important the
pressure increases in the radial direction causing an adverse pressure
gradient to be imposed on the flow. If the adverse pressure gradient
is sufficiertly large, flow separation occurs and a separation bubble
is formed on both the top and bottom aisks. Starting with a uniform
profile at a radial distance equal to half the gap width, separation
occurs when Re > 60. The separation point was found to be regular
and moved upstream when the Reynolds number was increased, while the
reattachment point moved downstream.

The unfavourable pressure gradient causes an inflexion in the
velocity pmfile which is then unstable to small perturbations and
subsequently causes a transition from laminar to turbulent flow. As
the flow moves radially outwards the adverse pressure gradient decreases
and when Re < 8, the longitudinal fluctuations start to decay, the
decay rate being dependent on the Reynolds number. This decay process
was found to be very similar to the decay of turbulent quantities in
pipe or channel flow during reversz transition.
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APPENLDIX A

INCONSISTENCIES IN RADIAL LAMINAR rLOW

When the pressure forces balance the viscous forces, a solution to
the Navier-Stokes equations can be obtained by postulating that the
velccity profile is to be

u = f(7)/r - (A-1)

If this profile is substituted into the equations of motion and noting
that tii2 v-component is zero we obtain

’ &
£ owfe = TG (A-2)

with boundary conditions

f(-h) = f(h) = 0 (A-3)

Differentiating (A-2) w.r.t. 2z we obtain

2FF + wrlf'" = Q (A-4)
Now 2% thz walls, f(th) = 0 which implies that
'%(zh) = 0 (A-5)

i a by Rolles theorem there must exist at some point in the interior,
& sv, such that

ft(e) = 0O (A-6)
therefore
fr(e) = 0 (A-7)
This aplies that
g ¥ s 0 forall 2 (A-8)
or
(k) £ = ¢(2) (A-9)
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If f'" = 0 for all z (A-4) becomes
2ff' = 0 (A-10)

i.e. f is a constant.

This solution cannot satisfy the boundary conditions and it is
interes.ing to note that it is for this reason that Peubc (1963)
justifies the assumption that for higher approximations to the
creeping flow solution the flow must be two-dimensiona:.

However we note that there is another alternative,

i.e. ' = ¢(z). If this is the case f(z) can be determined
from (i-4) but the form of (A-4) implies that f(z) must depend on

r which is a contradiction of the initial assumption. This can be
easily seen if ore tries to solve (A-2) in terms of elliptic functions.

Rewriting (A-2) as

1 - A 3 :
where
= 1 = .Y:.QE. ‘A..
B] :;}? 32 S ar (A-12)

a solution of (A-11) in terms of elliptic integrals is

f df
0 {2(Byf°/3 + D,f + B3)}‘

Now since B] and B2 are functions of r, f must depend on r

as well,

If we assunie that the inertia terms are negligible, i.e.
2

f© = 0 the governing equation reduces to
ol = ﬁgﬂ (A-14)
p dr
which implies that f" = constant, i.2., f 1is a parabolic function
in z.
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